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Singapore is known for its successful implementation of land transport management measures in the form of car-use restraining 
schemes and car-ownership control policy. This paper presents a study that examines how these management measures have af-
fected the travel characteristics of car owners in Singapore. This is achieved by analyzing the changes in passenger car travel char-
acteristics from 1990 to 2005. In 1990 and again in 2005, a vehicle-based travel diary survey was conducted to determine the travel 
characteristics of car owners. For each participating car owner, the details of all trips made over an average period of 4 weeks were 
collected. The 1990 survey covered 115 cars and generated 11,638 sets of trip data, while the 2005 survey involved 108 cars that 
produced 11,336 sets of trip data. These data were processed to provide information of travel characteristics in travel speed, travel 
distance, travel duration, trip purpose, passenger occupancy level, time that travel was made, and the choice of road class. Compari-
sons of the car travel characteristics in 1990 and 2005 were made to identify major trends of changes. An attempt is also made to 
relate these changes to the land transport management measures and policies implemented during the 15-year study period.
Key Words: Travel characteristics, Travel diary survey, Transport management, Car-use control, Car-ownership control
1. INTRODUCTION
Singapore is known for its urban trafﬁc manage-
ment achievements since the mid 1970s. It started with the 
Area Licensing Scheme1 (ALS) which was implemented 
in 1975 to discourage inbound trafﬁc to the central busi-
ness district (CBD) during morning peak hours, followed 
by other schemes such as the various ﬁscal measures to 
increase the cost of owning a car2, car- ownership control 
measures such as the Vehicle Quota System2, and the 
Electronic Road Pricing system that replaced the ALS in 
19983. These measures have helped Singapore maintain a 
relatively smooth ﬂowing road network despite a steady 
annual growth of the motor vehicle population. However, 
the task is becoming more and more challenging in view 
of the increasing trafﬁc volume as a result of population 
and economic growth, and the limited remaining space 
available for road network expansion. One of the main 
strategies adopted by the Singapore authority is to move 
towards a network-wide congestion pricing. In this con-
text, it is relevant and of interest to study the effectiveness 
of various transportation management schemes and mea-
sures in changing the travel characteristics of car owners. 
This paper reports a survey based study conducted to ex-
amine how the travel characteristics of passenger cars in 
Singapore are affected by the various trafﬁc control and 
management schemes implemented from 1990 to 2005.  
2. METHODOLOGY OF STUDY
2.1 Design of survey 
The main aim of the present study was to identify, 
through travel diary surveys of passenger cars, the actual 
travel patterns of survey participants in actual trafﬁc con-
ditions. The approach of this study adopted a survey 
methodology implemented by the authors in a research 
project that analyzed car travel characteristics and fuel 
consumption patterns in Singapore in year 19904-6. This 
1990 survey was conducted in two phases: Phase 1 from 
January to April 1990, and Phase 2 from August to Octo-
ber 1990. The survey involved 115 vehicles, 60 in Phase 
1 and 54 in Phase 2.  For the purpose of the present study, 
another survey involving 108 vehicles was conducted 
from March 2005 to January 2006. This paper will study 
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the changes in the passenger car travel characteristics 
from 1990 to 2005.
The 1990 and the 2005 surveys adopted the same 
design and survey format which is shown in Figure 1. 
The participants monitored vehicle usage on a trip by trip 
basis continuously over a total travel distance of about 
1,000 km in three fuel-purchase cycles. The survey com-
menced with the topping up of the fuel tank, followed by 
recording of trip information until the distance traveled 
reached between 300 and 350 km when a fuel purchase 
was again made to top up the fuel tank. This point marked 
the end of the ﬁrst fuel cycle and the commencement of 
the second fuel cycle. The trip survey process was re-
peated till the end of the third cycle. For most survey par-
ticipants, a survey cycle was completed between 1 and 2 
weeks. This was desirable as the effects of weekday and 
weekend travels would be covered. A detailed brieﬁng 
was given to each participant to ensure that his or her 
day-to-day travel patterns and vehicle usage during the 
period of the survey were not affected as a result of par-
ticipating in the survey.
2.2 Recording of survey data
Two main types of travel-related data were record-
ed: vehicle information and trip diary. The vehicle infor-
mation covers year of manufacture, original vehicle regis-
tration date, make, model engine capacity, curb weight, 
type of transmission and steering, and tyre type. The trip 
diary contains detailed information of each trip in a sur-
vey cycle. The trip information includes the date, the times 
and odometer readings at the start and the end of each 
trip, the number of adults and children carried, estimates 
of the proportions of trip distance by type of road taken, 
and trip purpose. A trip was considered to have com-
menced once the engine was switched on. The time pe-
riod during which the vehicle engine runs continuously, 
inclusive of idling and moving phases, deﬁnes the travel 
time of the trip. The travel distance of each trip is derived 
from the odometer readings recorded in the trip diary. 
3. ANALYSIS OF SURVEY DATA
3.1 Background information
This paper attempts to capture the changes in car 
travel characteristics in Singapore over a span of 15 years, 
from 1990 to 2005. Table 1 lists the changes in key socio-
economic and transportation indicators of Singapore for 
the 15-year period. These indicators show that despite the 
very strong growth in the economy, the Singapore author-
ity managed to keep the car population within control by 
more or less maintaining the car ownership level at around 
1 car per 10 persons. However, it is noted while the total 
vehicle population increased by 59.6% from 542,252 to 
754,992 vehicles, the total road length only increased by 
12.2% in the same 15 years. The corresponding vehicle/
road-length ratio increased by 24.1% from 188.2 vehicles 
per km to 233.5 vehicles per km.  
In order to cope with the increased travel demand, 
the land transport authority of Singapore had, within the 
same period, introduced a number of major trafﬁc control 
and management schemes, and completed several major 
land transportation projects. The aim was to discourage 
the use of passenger cars during peak periods, and pro-
mote the use of public transport. Table 2 lists the main 
schemes implemented and projects completed during the 
period of 1990 to 2005. In the analysis of the changes of 
travel characteristics presented in this paper, an attempt 
will be made to identify the impacts of these policies or 
measures where applicable. 
3.2 Representation and key trends of survey results
As explained in Section 2.1, the 1990 and the 2005 
surveys involved 115 and 108 participants respectively. 
A total of 11,638 trips were recorded in the 1990 survey, 
Date    Start of Trip  End of Trip
       /       /            Time: _________ am/pm _________ am/pm
   Odometer: _________ km _________ km
Trip and Route Characteristics
Number of passengers : Adults __________   Children ___________
Road type traveled (% distance) : Expressway _____ CBD/Town _____  Others  _____
Trip purpose : Work ______   Business _____  Personal _________
Fig. 1  Type of trip data that each participant was required to provide for each trip
50  IATSS RESEARCH Vol.31 No.2, 2007
MOTORIZATION IN ASIA (PART 2)
while there were 11,336 trips recorded in the 2005 sur-
vey. Table 3 shows the percent distribution of the cars 
surveyed in terms of engine capacity. In general, the two 
surveys respectively provided a fair representation of the 
sizes of cars found in Singapore, although in both cases 
the cars of engine capacity between 1,001 and 1,600 cc 
were over-represented. Table 4 lists the summary statis-
tics of the main parameters involved in the two surveys. 
The following sub-sections offer some comments on the 
changes that had taken place from 1990 to 2005.
3.2.1 Shifting towards cars of higher engine capacity
Table 3 reveals a signiﬁcant change in the composi-
tion of the car population in Singapore from 1990 to 2005. 
There was a drastic drop in the number of smaller size 
cars of 1,600 cc and lower, accompanied by signiﬁcant 
increases in the number of larger engine-capacity cars. 
The percentage point of cars of 1,000 cc and less fell by 
Table 1 Key socioeconomic and transportation indicators of Singapore for years 1990 and 20057, 8
Indicator Year 1990 Year 2005 % Change
Population 
Land area
GDP*
GDP per capita*
Car population
Total vehicle population
Car ownership 
Total road length 
Total expressway length
Vehicle/road-length ratio
Road density
3.05 million
633.1 sq. km
US$ 44,896 million
US$ 14,720
271,174
542,352
8.89 cars/100 persons
2,882 km
    104 km
188.2 veh/km
4.55 km/sq. km area
4.35 million
699.4 sq. km
US$ 112,447 million
US$ 25,850
432,827
754,992
9.95 cars/100 persons
3,234 km
    150 km
233.5 veh/km
4.62 km/sq. km area
42.6%
10.5%
150.5%
75.6%
59.6%
39.2%
11.9%
12.2%
44.2%
24.1%
1.5%
* Based on year 2000 price.
Table 2  Transportation-related policies and measures between 1990 and 2005
Policy or Measure Status
(1) The Vehicle Quota System (VQS) limiting annual vehicle population growth to about 3% Implemented since May 1990
(2) The Mass Rapid Transit (MRT) and Light Rapid Transit (LRT) rail systems  67 km MRT in 1990; 109.4 km MRT 
and 28.8 km LRT in 2005
(3) Area Licensing Scheme (ALS) for the Central Business District (CBD) was extended 
from morning and evening peak periods to a “whole-day” scheme that includes non-peak 
periods as well
Since 1994
(4) ALS was applied to selected expressways Since 1995
(5) Electronic Road Pricing (ERP) system was introduced to replace ALS for CBD and 
expressways
Since 1998
(6) ERP was extended to cover selected primary roads Since 1999
(7) Re-classiﬁcation of vehicle engine capacity of VQS. The four categories of engine 
capacity “1,000 cc or less”, “1,001 to 1,600 cc”, “1,601 to 2,000 cc”, and “2,001 cc or 
more” were combined into two categories as “1,600 cc or less” and “1,600 cc or more”  
Since 1999
Table 3  Percentage distribution of cars surveyed
Engine Capacity 1990 Survey 2005 Survey
Survey Sample Singapore Car Population Survey Sample Singapore Car Population
1,000 cc or less
1,001 to 1,600 cc
1,601 to 2,000 cc
More than 2,001 cc 
25.2%
70.4%
4.4%
0%
15.4%
65.6%
14.7%
 4.3%
 3.7%
75.0%
15.7%
 5.6%
 2.2%
59.0%
24.0%
14.8%
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13.2%, and that of 1,001 to 1,600 cc fell by 6.6%. There 
were corresponding rises of 9.3% and 10.5% in the two 
categories of higher engine-capacity cars. The shift to-
wards larger cars is also reﬂected in Table 4 by the in-
creases in the overall mean engine capacity and the overall 
mean vehicle weight from the 1990 to the 2005 surveys.
The shift towards cars of higher engine capacity 
was the result of a change in the vehicle classiﬁcation 
system in 1999 as indicated in item (7) of Table 2. The 
original four categories were re-grouped into two catego-
ries. The combining of the two categories of engine ca-
pacity “1,000 cc or less” and “1,001 to 1,600 cc” into one 
category of “1,600 cc or less” has the effect of discourag-
ing car buyers from purchasing cars of 1,000 cc or less 
engine capacity because of smaller price difference from 
the cars of 1,001 to 1,600 cc engine capacity. The catego-
ries of “1,601 to 2,000 cc” and “2,000 cc or more” were 
combined into a category of “1,601 cc or more”. For the 
same reason of smaller price difference, there was also a 
tendency for buyers to opt for cars of engine capacity 
higher than 1,601 cc. Obviously, one must not exclude 
the strong economic growth between 1990 and 2005 as 
another possible factor behind the shift towards bigger 
cars of higher engine capacity.    
3.2.2 Age of cars  
The average age of cars in Singapore is directly af-
fected by the authority’s used-car scrapping policy im-
plemented since 19752. The government provides attractive 
monetary rebate for any car that is scrapped within 10 
years. Practically all car owners would scrap their cars 
within 10 years in order to enjoy the monetary rebate. 
Most have done so in around 7 or 8 years so as to ensure 
that there would be sufﬁcient time for them to purchase a 
new car before their old car reaches 10 years in age. Since 
the 10-year limit car-scrapping policy has remained un-
changed, it is not surprising to observe that the respective 
values of average age of cars in the 1990 survey and the 
2005 survey are about the same at around 4.2 years. 
3.2.3 Overall patterns of travel characteristics
Table 4 lists four main overall travel characteristics 
of Singapore passenger car owners as surveyed in year 
1990 and 2005. They are the trip average speed, trip dis-
tance, trip duration and average passenger occupancy per 
car. The comparison shows a general trend toward lower 
travel speed (3.3% decrease in average trip speed), longer 
trip distance (11.4% increase in average trip distance), 
and longer trip duration (18.1% increase in average trip 
duration). The very slight fall of 3.3% in the average trip 
speed, despite the substantial 59.6% increase in car popu-
lation from 1990 to 2005 (see Table 1), is clearly attribut-
able to the success of the series of trafﬁc management 
measures and car-use restraining policies (see Table 2) 
implemented by the land transport authority. The longer 
trip distance is believed to be a result of the government’s 
major new residential housing developments in areas fur-
ther away from CBD and industrial centers9. Such devel-
opments have major impacts because about 85% of 
Singapore population live in these publicly governed and 
developed high-density high-rise ﬂats9. 
The longer trip duration in 2005 was a combined 
result of the changes in trafﬁc speed and travel distance. 
The average passenger occupancy per car remained more 
or less at the same level of around 1.75 from 1990 to 
2005. It reﬂects the fact that car pooling is rare in Singa-
pore, and the use of cars is essentially restricted to the car 
owners and among family members. 
3.3 Travel characteristics by trip purpose
Table 5 summarizes the travel characteristics by 
trip purpose for the car owners surveyed. Work trips in-
clude trips from home to work place and trips to home at 
the end of work. Business trips are those work-related 
trips other than work trips. All other trips are grouped 
under personal trips. The authors4 found in 1990 that the 
Table 4  Summary statistics of survey parameters
Parameters 1990 Survey 2005 Survey
Mean Range Mean Range
Engine capacity (cm3)
Vehicle weight (kg)
Age of car (years)
Odometer mileage (km)
Trip speed (km/h)
Trip distance (km)
Trip duration (min.)
Passenger occupancy 
1,294
884
4.26
80,840
32.34
10.92
18.67
1.75
  (665; 1,998)
  (570; 1,375)
 (0.14; 9.89)
(2,180; 243,600)
(20.32; 61.27)
 (0.56; 66.08)
 (9.06; 60.16)
 (1.00; 4.75)
1,635
1,188
4.20
60,660
31.27
12.17
22.05
1.74
  (848; 3,000)
  (850; 1,825)
 (0.95; 18.00)
(1,570; 392,930)
(13.16; 88.89)
 (0.10; 92.00)
 (1.20; 121.80)
 (1.43; 6.00)
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Area Licensing Scheme (ALS) was effective in discour-
aging car owners to use cars for their work trips, limiting 
the percent work trips to less than 30% of all trips made. 
The results of the 2005 survey show that this trend con-
tinued to gain strength under the additional car-use re-
straining measures indicated in Table 2. The percentage 
of work trips fell by nearly one-third to 20.4%. The main 
car-use restraining measures implemented in this period 
include the extension of the ALS to off-peak periods, and 
enlarging of ALS coverage to cover expressways and pri-
mary roads, as well as the switch of the ALS to the more 
versatile ERP system. The expanded network of the MRT 
rail system might have helped by further improving the 
efﬁciency of public transport service.  
In terms of passenger occupancy level by trip pur-
pose, personal trips had higher occupancy than the other 
two trip purposes for both the 1990 and the 2005 surveys. 
The differences in the patterns of occupancy level by trip 
purpose in the two years of the survey are small. No appar-
ent trend of change in the occupancy level could be identi-
ﬁed across the types of trip purpose from 1990 to 2005. 
The changes in the mean trip distance by trip pur-
pose between 1990 and 2005 re-afﬁrm the impacts of the 
housing developments described under Section 3.2.3. 
The results in Table 5 show that work trips are most af-
fected by the home locations of car owners, followed by 
personal trips, while business trips are practically unaf-
fected. The increases in the average trip distance for 
work, personal and business trips are 24.9%, 13.3% and 
3.0% respectively. It is also within expectation that, in 
both the 1990 and 2005 surveys, work trips had the lon-
gest mean trip distance, and personal trips had the short-
est mean trip distance. 
The changes between the 1990 and 2005 average 
trip speed by trip purpose are relatively small, once again 
conﬁrming the beneﬁcial effects of Singapore’s land 
transport management policies and trafﬁc management 
measures. It is interesting to note that in both 1990 and 
2005, work trips had the highest mean trip speed, fol-
lowed by business trips, while personal trips had the low-
est mean trip speed. A likely contributing reason is that 
drivers were familiar with the routes that they took rou-
tinely to work, and they were likely to choose the best 
route and the best time to make their trips. Obviously, 
one must not preclude the possible reason that the travel 
speeds of personal trips are lower because the drivers are 
likely to be more relaxed and less subjected to time con-
straints, and they tend not to speed but drive more lei-
surely instead.  
Mean trip duration is the last item of the travel 
characteristic listed in Table 5. The increases in the 2005 
mean trip durations over the corresponding 1990 values 
basically reﬂect the changes that had take place in trip 
distances as explained earlier. 
3.4 Travel characteristics in peak and off-peak pe-
riods
The classiﬁcation of trips into peak and off-peak pe-
Table 5  Travel characteristics for different trip purposes
Trip 
Purpose
1990 Survey 2005 Survey
Percent 
of All 
Trips
Mean 
Occupancy 
Level
Mean Trip 
Distance 
(km)
Mean Trip 
Speed 
(km/h)
Mean Trip 
Duration 
(min.)
Percent 
of All 
Trips
Mean 
Occupancy 
Level
Mean Trip 
Distance 
(km)
Mean Trip 
Speed 
(km/h)
Mean Trip 
Duration 
(min.)
Work
Business 
Personal
28.8%
 8.0%
63.2%
1.33
1.46
1.98
13.11
11.14
 9.75
34.63 
33.32
31.09
21.72
18.66
17.23
20.4%
 8.6%
71.0%
1.37
1.32
1.89
16.37
11.47
11.05
34.36
32.15
30.23
27.31
21.43
20.62
Table 6  Travel characteristics in different time periods
Time 
Period(*)
1990 Survey 2005 Survey
Percent 
of All 
Trips
Mean   
Occupancy
Level
Mean Trip 
Distance 
(km)
Mean Trip 
Speed
(km/h)
Mean Trip 
Duration
(min.)
Percent 
of All 
Trips
Mean 
Occupancy
Level
Mean Trip 
Distance
(km)
Mean Trip 
Speed
(km/h)
Mean Trip 
Duration
(min.)
Peak 1
Peak 2
Off-Peak
14.98%
19.39%
65.63%
1.43
1.52
1.90
13.15
10.84
10.26
33.35
32.34
32.40
22.16
18.75
17.96
 9.12%
14.65%
76.23%
1.46
1.53
1.81
15.22
12.43
11.75
31.95
29.89
31.46
27.16
23.81
21.10
(*)
 Peak 1 = morning peak, 7.00 am to 9.00 am from Monday to Friday
 Peak 2 = evening peak, 5.30 pm to 7.30 pm from Monday to Friday 
 Off Peak = All other time periods
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riods is based on the departure time of each trip. In this 
study, two peak periods, namely morning and evening 
peak periods are deﬁned to cover the time periods of 7.00 
am to 9.00 am and 5.30 pm to 7.30 pm, respectively, on 
working days (i.e. Monday through Friday). All other 
time periods are taken as off-peak periods. Table 6 shows 
that in the 1990 survey, 14.98% and 19.39% of the trips 
took place in the morning and evening peaks respectively, 
and 65.63% took place during off-peak periods. In 2005, 
the shares of trips in the morning and evening peaks fell 
considerably to 9.12% and 14.65% respectively. These 
are clearly the results of the ‘whole-day’ and wider cover-
age of the electronic road pricing implemented within the 
period from 1990 to 2005 (see Table 2) that imposed higher 
charges for vehicular travels made within the peak periods.
The data of Table 6 indicate that the 2005 mean trip 
speeds in different time periods were lower than their re-
spective values in 1990. The deterioration of average trip 
speeds in the morning peak period and the off-peak peri-
ods (4.2% and 2.9% respectively) were less than 5%., but 
the evening peak period suffered a fall of 7.6%. The most 
severe trafﬁc condition during the evening peak period 
could be caused by the combined effect of work-to-home 
trips, school-to-home trips of students of the afternoon 
school session, and evening social outing trips. 
In terms of trip distance and trip duration, the 2005 
data again show higher values than the 1990 data for all 
trips, similar to what have been observed when the data 
were presented by trip purpose in the earlier sections of 
this paper. As for the occupancy level, no signiﬁcant 
changes between the 1990 and 2005 data are observed. 
3.5 Vehicle usage and travel speed by road class
The trip diary data provided by each survey partici-
pant contain information of the proportions of trip dis-
tance by road class for each trip recorded. The following 
three road classes were used in both the 1990 and the 
2005 survey: expressway, CBD/town, and others. The road 
class of ‘CBD/Town’ covers streets in the central busi-
ness district and residential towns; while the road class 
‘others’ include roads that are not classiﬁed under ‘Ex-
pressways’ or ‘CBD/Town’. Speciﬁcally, roads classiﬁed 
as ‘Others’ refer to major roads and collectors that provide 
links between CBD, residential towns or expressways. 
Table 7 shows clearly that expressways are the 
backbone of the Singapore road network system. Despite 
the very low share of road length in the entire road net-
work (3.61% in 1990 and 4.61% in 2005), more than 
40% of the distance traveled by cars (40.67% in 1990 and 
44.63% in 2005) took place in expressways. The use of 
expressways increased by nearly 10% from 1990 to 2005. 
Two factors are believed to have contributed to this 
change. First, the expansion of the expressway network 
form 104 km to 150 km has provided better connectivity 
and a faster means of travel. Second, the new residential 
towns are located further apart and further away from 
CBD, and are well connected by the expressway system. 
The increased share of travels for CBD/town streets, 
along with a drop in the use of ‘Others’ class of roads in 
2005, is also believed to be related to the development of 
the new public residential towns. Each of these new resi-
dential towns is self-contained with schools, supermar-
kets, clinics, banks, shopping centers, restaurants and 
food outlets, as well as sports and recreational facilities. 
This has reduced, to a certain extent, the need for per-
sonal trips beyond the towns. This effect, combined with 
the improved connectivity offered by expressways to link 
towns and places of interest, had probably led to the re-
duced usage of the ‘Others’ class of roads in 2005.
The survey data do not allow the traveling speed by 
road class to be calculated directly. Most of the trips cov-
ered more than one road classes. However, Fwa et al.4 in 
their analysis of the 1990 survey data, had shown that the 
mean travel speed on each road class could be estimated 
by ﬁtting the survey data to an equation that relates a trip 
speed to the travel speeds on different road class covered 
by the trip. The equation derived by Fwa et al.4 is,
 1 1 1T =        (d1) +        (d2) +       (d3)    
 
v1 v2 v3
  (1)
where T is the trip duration, d1, d2, and d3 are the dis-
tances traveled on road class 1, 2 and 3 (i.e. expressway, 
Table 7  Summary of travel speeds by trip purpose, road type and time period 
Road 
Classiﬁcation
1990 Survey 2005 Survey
Percent Length 
in Network
Percent Distance 
Traveled 
Estimated Mean 
Travel Speed (km/h)
Percent Length 
in Network
Percent Distance 
Traveled 
Estimated Mean 
Travel Speed (km/h)
Expressway 
CBD/Town
Others
 3.61%
28.89%
67.50%
40.67%
19.61%
39.72%
47.51
26.34
31.11
 4.64%
31.79%
67.26%
44.63%
29.80%
25.56%
49.75
23.87
26.81
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CBD/town streets, and other roads) respectively, and v1, 
v2, and v3 are the unknown travel speeds on the three road 
classes. Values of T, d1, d2, and d3 are obtainable from the 
survey data. Thus, the values of v1, v2, and v3 can be esti-
mated from the Equation (1) using the 11,638 sets of trip 
data for the 1990 survey, or using the 11,336 sets of trip 
data for the 2005 survey, by means of the technique of 
linear regression based on the method of least squares10. 
The computed v1, v2, and v3 values recorded in Table 7 
represent the estimated average travel speeds on express-
way, CBD/town streets, and other roads respectively. 
From the estimated travel speeds in Table 7, it is 
seen that travel speed on expressways increased margin-
ally in 2005 as compared with the corresponding 1990 
speed. This shows that the land transport authority’s ef-
fort in expanding the expressway network and applying 
ERP control on expressways had helped to maintain the 
travel speeds on expressways at a relatively high level. 
On the other hand, both the travel speeds in CBD/town 
streets and other roads decreased in 2005. The average 
travel speed of CBD/town streets fell by 9.4%, and that of 
other roads fell by 13.8%. This can be expected because 
all the town streets and most of the ‘others’ class of roads 
have not been placed under ERP control or any other 
forms of car-use restraining measures. 
4.  SUMMARY AND CONCLUSIONS
This paper has presented an analysis of the changes 
in passenger car travel characteristics in Singapore over 
the 15-year period from 1990 to 2005. The analysis is 
based on results of car-travel diary surveys conducted in 
1990 and 2005. The main ﬁndings obtained from the 
analysis presented in this paper can be summarized as 
follows:
(1) From 1990 to 2005, Singapore’s population grew 
from 3.05 to 4.35 million, and the number of cars and 
total vehicles increased by 59.8% and 39.2% respec-
tively. In the same period, the total road length only 
increased by 12.2%. Against these odds, Singapore 
managed to maintain the overall network trafﬁc ﬂow 
speed at more or less the same level, as can be seen 
from the overall average trip speeds of the 1990 sur-
vey and the 2005 survey presented in this study: 
32.34 km/h for 1990 and 31.27 km/h for 2005.
(2) Compared with 1990, in 2005 there was a major shift 
in the composition of car population towards cars of 
higher engine capacity. The shift was the result of a 
change in the vehicle classiﬁcation system in the Ve-
hicle Quota System (VQS). Four categories were com-
bined into two, i.e. categories of “1,600 cc or less” and 
“1,601 cc or more”. This change has the effect of nar-
rowing the ﬁnal sale prices of cars within a category. 
As a result, there was a drastic drop in the number of 
cars with engine capacity of 1,000 cc or less. This fac-
tor, coupling with the strong economic gain during the 
period, had also caused a marked increase in the num-
ber of cars with engine capacity higher than 1,601 cc. 
(3) Since the 10-year limit car-scrapping policy has re-
mained unchanged, the car-scrapping and car replace-
ment behavior of car owners did not change during the 
period of study. The respective average age of cars in 
the 1990 survey and the 2005 survey are about the 
same at around 4.2 years. 
(4) The land use and residential housing developments 
during the 15-year period has led to longer trip dis-
tance (11.4% increase in average trip distance), and 
longer trip duration (18.1% increase in average trip 
duration) in 2005. 
(5) Car pooling is not common in Singapore. The average 
passenger occupancy per car remained more or less 
at the same level of around 1.75 from 1990 to 2005. 
(6) The extended coverage in time periods and road sec-
tions by the car-use restraining measures has caused 
a signiﬁcant reduction in the percentage of work trips 
by cars in 2005. The percent work trips fell from 
28.8% in 1990 to 20.4% in 2005.
(7) The enhanced car-use restraining measures also had 
a marked effect on the travel behaviors of car users. 
In 1990, 14.98% and 19.39% of the trips took place 
in the morning and evening peaks respectively. The 
corresponding shares fell considerably to 9.12% and 
14.65% respectively in 2005. 
(8) Expressways are the backbone of the Singapore road 
network system. While representing a mere 3.61% 
share in 1990 and 4.61% share in 2005 in the length 
of the total road network, expressways had more than 
40% share of the total distance traveled by cars in 
1990 and 2005. In 1990, the share was 40.67%, while 
in 2005 it was 44.63%.
(9) The Electronic Road Pricing (ERP) control has helped 
maintain the average speed of travel from 1990 to 
2005 at about the same level of close to 50 km/h on 
expressways. However, for town streets and other 
roads that were not covered by ERP, the 2005 travel 
speeds fell by 9.4% and 13.8% respectively.  
In summary, the results of this study conﬁrm the 
beneﬁcial effects of trafﬁc control measures and car-re-
straining schemes implemented by Singapore’s land 
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transport authority. It is also clear from the analysis pre-
sented in this paper that, in view of the expected continu-
ing growth of vehicle population and limited space for 
further road network development, there appears to be a 
need for further expanding the control through the car-
use restraining measures in order to maintain smooth 
ﬂowing trafﬁc over the entire road network. 
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